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Cyperus esculentus is a wholesome nut with notable nutritional and medicinal benefits. This study 
investigated the prophylactic impact of Cyperus esculentus milk extract (CE) on high dose acetaminophen 
(APAP)-induced liver impairment in experimental rats. Thirty rats weighing between 180-200 g were 
randomly distributed into 6 groups (n=5). Groups 1 (control given only distilled water) and 2 (negative 
control given APAP) were without treatment, while rats in groups 3, 4, 5 and 6 were orally administered 
8.57 mg ascorbic acid, 100 mg/kg, 200 mg/kg and 400 mg/kg of body weight CE respectively for 21 days. 
On the 22nd day of the experiment, 1 g/kg body weight of acetaminophen was administered orally to rats in 
groups 2, 3, 4, 5 and 6. The serum and liver of sacrificed animals were collected for analyses. CE at 
selected doses appreciably prevented high dose acetaminophen-induced increase in serum activities 
(p<0.05) of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase 
(ALP), and concentration of malondialdehyde as seen in the untreated APAP control group. Decreased 
serum GST activity caused by acetaminophen in untreated group improved significantly (p<0.05) in CE 
treated groups which was comparable (p > 0.05) to ascorbic acid group. In the liver, acetaminophen 
decreased the activities of AST, ALT, ALP, however, increased concentration and activity of 
malondialdehyde and GST respectively (p < 0.05). Pre-administration of CE markedly prevented these 
effects in the liver of rats that were administered acetaminophen. The present study demonstrated C. 
esculentus milk extracts prevented hepatic damage caused by high dose acetaminophen in rats. 
Keywords: Acetaminophen, Cyperus esculentus, biomarkers, hepatoprotective. 
 
INTRODUCTION 
Liver is the largest functional organ of the body 
that is crucially involved in metabolism, secretory, 
detoxification and elimination. Acetaminophen 
(N-acetyl-p-aminophenol, paracetamol, APAP) is 
often used as an antipyretic and analgesic drug. 
It is known to cause acute liver toxicity even 
when used at therapeutic dose (Craig et al., 
2012; Urban et al., 2014; Major et al., 2016). 
Primarily, metabolism of acetaminophen involves 
reduction to nontoxic metabolites. However, 
about 5% is transformed in the liver by the 
cytochrome P450 family to N-acetyl-p-
benzoquinone imine. This product covalently bind 
sulfhydryl groups from glutathione, thereby 
causing depletion of the glutathione, N-acetyl-p-
benzoquinone imine further binds to hepatocyte 
proteins, leading to hepatic toxicity. The 
biochemical features of hepatic damage become 
apparent within 20-50 hours after acetaminophen 
overdose (Adewusi and Afolayan, 2010; Major et 
al., 2016). 
Clinical data strongly recommended antioxidant 
supplements as promising therapeutic means of 
managing liver toxicity (Medina and Moreno-
Otero, 2005). Despite the increasing discoveries 
in modern medicine, there are few drugs or 
compounds that offer protection to the liver or 
help to revivify hepatic cells (Adewusi and 
Afolayan, 2010). Some of these drugs used are 
not devoured of serious adverse effects which 
may affect liver (Ozougwu, 2011) Therefore, 
there is increasing interest on medicinal plants 
endowed with bioactive antioxidants capable of 
protecting against oxidative damage of the liver. 
 
Cyperus esculentus (tiger nut sedge) belong to 
species of sedge, usually cultivated in the 
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northern part of Nigeria. Cyperus esculentus is 
rich in vitamin B1, which assists in central 
nervous system coordination (Mokady and Dolev, 
1970). The black species of the C. esculentus is 
used for management of breast cancer (Arafat et 
al., 2009). The tubers hold a high total antioxidant 
capacity, because they hold notable amounts of 
water-soluble flavonoid glycosides (Eteshola and 
Oraedu, 1996). The genus Cyperus are well-
known for their richness in essential oil 
(Couchman et al., 1964) monounsaturated fatty 
acid content and appreciable vitamin E levels. C. 
esculentus have been suggested to be a valuable 
nutritional therapy for cardiac pathologies due to 
its Oleic acid contents (Eteshola and Oraedu, 
1996; Hassanein et al., 2011). C. esculentus oil 
has been delineated to have positive 
reverberation on digestive secretions, which is 
also attributed to high content of oleic acid, a 
potent stimulator of production of 
Cholecistokinine (Couchman et. al., 1964).  
In addition, essential oil obtained from C. 
esculentus tubers have been shown to exhibit in 
vitro hepatoprotective effects against 
acetaminophen on a culture of monolayer of rat 
hepatocyte (Hassanein et al., 2013). In China 
and Spain, C. esculentus milk is used an 
aphrodisiac and in the management of liver 
impairment, heart diseases, stomach pain and 
menstruation (Sanchez-Zapata et al., 2012; Yang 
et al., 2016). The present study focused on 
evaluating the hepatoprotective potential of 
Cyperus esculentus milk extract on 
acetaminophen (APAP) induced liver toxicity in 
experimental rats. 
 
MATERIALS AND METHODS 
Chemicals 
Chemicals used for this study were of analytical 
grade. Acetaminophen was obtained from Evans 
Medical PLC., Nigeria, and Ascorbic acid from 
Tuyil Pharmaceuticals, Nigeria. Assay kits for 
liver function tests were purchased from Randox 
Laboratory, United Kingdom. 
 
C. esculentus Milk Extraction 
Dried C. esculentus tubers were sorted and 300 
g was grinded and soaked in 1000 ml of distilled 
water for 24 hours, filtered using muslin cloth to 
obtain the milk extract. The filtrate was 
concentrated in a microwave at 40°C to yield 
13.95g of the plant milk in powdered form 
(Ahmed & Ramaswamy, 2004). The powdered 
milk extract was stored in an air-tight plastic 
container until required. 
 
Experimental Design and Animal Grouping 
Thirty male albino rats weighing between 180 – 
200 g procured from the College of Veterinary 
Medicine, Federal University of Agriculture, 
Abeokuta. were housed in a plastic-wired cage 
and allowed to acclimatized at the Animal house, 
College of Biosciences, Federal University of 
Agriculture, Abeokuta (FUNAAB) for a period of 
two weeks prior to the commencement of the 
study. They were allowed access to feed ad-
libithum. The rats were randomly divided into six 
groups (n=5 per group). Group 3 received 8.57 
mg/kg bw ascorbic acid (standard control), Group 
4: 100 mg/kg bw Cyperus esculentus milk (CE); 
Group 5: 200 mg/kg bw Cyperus esculentus milk 
and Group 6: 400 mg/kg bw Cyperus esculentus 
milk. Treatment lasted for 21 days and on the 
22nd day of the experiment, the rats in group 
2,3,4,5 and 6 were orally administered high dose 
acetaminophen (1g/kg body weight) and fasted 
for 24 hours. Group 1 served as healthy control 
group while Group 2 was the negative control 
which received no treatment. 
 
Blood sample and tissue collection 
Blood sample was collected via cardiac puncture, 
centrifuged at 4000 rpm for 15 minutes to obtain 
serum which was stored at -20°C for biochemical 
analysis. The rats were anaesthesized, and part 
of the liver was excised, washed in 1.15% KCl 
and homogenized in Tris-HCl buffer, the 
homogenate was centrifuged at 10,000 rpm for 
10 minutes and the supernatant was stored at -
20°C prior to biochemical analysis. 
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Biochemical Analysis 
Markers for assessing hepatocyte integrity - ALT 
and AST - were estimated by method of Reitman 
and Frankel (1957), ALP was estimated with 
method described by Otto et al. (1946).  Lipid 
peroxidation by-product malondialdehyde (MDA) 
was determined using method of Buege and Aust 
(1978). Activity of glutathione-S-transferase 
(GST) was carried out as described by Habig et 
al (1974). All these biochemical analysis were 




Part of the liver excised from the rats were rinsed 
with buffer and immediately fixed by perfusion 
using 10 % formalin and 10 mmol/L phosphate 
buffer pH 7.4 at 4°C for 12 hours. The tissue was 
then embedded in paraffin after dehydration, cut 
into sections, stained with hematoxylin-eosin dye 
on glass slides and was further processed into 
micrographs. The photomicrographs were 
obtained with light microscope.  
 
Data analysis 
The generated data were analyzed using 
Graphpad prism 6.04 (GraphpadSoftware Inc, 
USA). Each parameter was compared in the 
groups using one way analysis of variance 
(ANOVA) and tukey’s multiple comparison test 
was used to identify differences between means. 




Cyperus esculentus milk on acetaminophen 
alteration in liver enzyme activitities 
Overdose of acetaminophen (1 g/kg) caused 
significant increase (p < 0.05 ) in serum AST 
activity when compared to normal group (group 
A), ascorbic acid prevented this effect by 
reducing AST activity beyond the normal group 
while 200 mg/kg bw and 400 mg/kg bw 
administered CE mitigated the effect of 
acetaminophen on AST which is not significantly 
different (p>0.05) from ascorbic acid treated 
group (Figure 1a). Acetaminophen causes 
marked decrease in AST activity in the liver, this 
effect was not seen  in 200 mg/kg bw and 400 
mg/kg bw CE treated groups. The extract showed 
a dose dependent mitigation of acetaminophen 
effect on liver AST activity (Figure 1b). Figure 2a 
shows increased in the serum ALT activity 
(p<0.05) in group administered high dose 
acetaminophen, while it reduces ALT activity in 
the liver (Figure 2b), in both case the effects were 
mitigated by ascorbic acid and CE at different 
doses, though dose dependent mitigation of 
acetaminophen effect by CE extracts was 
observed in the liver alone. High dose 
acetaminophen significantly (p<0.05) increased 
ALP activity in the liver likewise in the serum, 
however, selected doses of CE prevented the 
effect caused by acetaminophen in serum and 
liver, and dose related changes were observed in 
ALP activity in the serum (Figure 3a and b). 
 
Figure 1: Effect of Cyperus esculentus milk extract on serum (a) and liver (b) AST activity.  
aSignificant when compared with control at p<0.05,bSignificant when compared to negative control at p<0.05,cSignificant when 
compared to standard drug at p<0.05. Control: No treatment, Negative control: APAP 1g/kg, Standard control: pre treated with 
8.57mg/ kg Ascorbic acid, CE 100: pre administered 100 mg/kg CE, CE 200: pre administered 200 mg/kg CE, and CE 400: pre 
administered 400 mg/kg CE 





Figure 2: Effect of Cyperus esculentus milk extract on serum (a) and liver (b) ALT activity 
aSignificant when compared with control at p<0.05,bSignificant when compared to negative control at p<0.05,cSignificant when 
compared to standard drug at p<0.05. Control: No treatment, Negative control: APAP 1g/kg, Standard control: pre treated with 
8.57mg/ kg Ascorbic acid, CE 100: pre administered 100 mg/kg CE, CE 200: pre administered 200 mg/kg CE, and CE 400: pre 




Figure 3: Effect of Cyperus esculentus milk extract on serum (a) and liver (b) ALP activity 
aSignificant when compared with control at p<0.05,bSignificant when compared to negative control at p<0.05,cSignificant when 
compared to standard drug at p<0.05. Control: No treatment, Negative control: APAP 1g/kg, Standard control: pre treated with 
8.57mg/ kg Ascorbic acid, CE 100: pre administered 100 mg/kg CE, CE 200: pre administered 200 mg/kg CE, and CE 400: pre 
administered 400 mg/kg CE 
 
Effect of Cyperus esculentus milk on 
acetaminophen alterations of oxidative stress 
markers 
CE at the selected doses prevented decrease in 
serum GST activity caused by high dose 
acetaminophen (p<0.05) to levels comparable 
(p>0.05) to healthy untreated group (positive 
control) (Figure 4a). In the liver, there is a 
noticeable increase in GST activity of rats 
administered 100mg/kg bw CE when compared 
with standard control (Figure 4b). There was 
notable increase (p<0.05) in concentration of 
malondialdehyde in liver and serum of rats that 
were administered high dose acetaminophen, 
this effect was markedly mitigated in rats that 
were pre-administered extract at all selected 
doses. 
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Figure 4: Effect of Cyperus esculentus milk extract on serum (a) and liver (b) glutathion-S- transferase 
activity 
aSignificant when compared with control at p<0.05,bSignificant when compared to negative control at p<0.05,cSignificant when 
compared to standard drug at p<0.05. Control: No treatment, Negative control: APAP 1g/kg, Standard control: pre treated with 
8.57mg/ kg Ascorbic acid, CE 100: pre administered 100 mg/kg CE, CE 200: pre administered 200 mg/kg CE, and CE 400: pre 




Figure 5: Effect of Cyperus esculentus milk extract on serum (a) and liver (b) Malondialdehyde 
concentration. 
aSignificant when compared with control at p<0.05,bSignificant when compared to negative control at p<0.05,cSignificant when 
compared to standard drug at p<0.05. Control: No treatment, Negative control: APAP 1g/kg, Standard control: pre treated with 
8.57mg/ kg Ascorbic acid, CE 100: pre administered 100 mg/kg CE, CE 200: pre administered 200 mg/kg CE, and CE 400: pre 
administered 400 mg/kg CE 
 
Effect of Cyperus esculentus Milk Extract on 
Histopathology 
Histopathology micrographs of liver sections of 
rats for the experimental groups are shown in 
Fig.6 A-F and they provide supportive evidence 
of result obtained from biochemical analysis. In 
this study, liver section from normal control rats 
(Fig. 6A - magnification under 10x) showed 
normal hepatoarchitecture and structural integrity 
of the liver, unremarkable portal veins, bile ducts 
and no signs for inflammation, necrosis or fibrosis 
or toxic changes. Liver section of rats from 
acetaminophen group (Fig. 6B - magnification 
under 10x) showed characteristics of 
hepatocellular damage, vacuolization of 
hepatocytes, mild sinusoidal dilation, fatty 
alterations, inflammation and necrosis. 
Pretreatment withCyperus esculentus milk extract 
(Fig.6C, D, and E - magnification under 10x) and 
standard drug (Fig. 6F - magnification under 10x) 
showed recovery of the hepatocytes from 
necrosis and cellular damage indicating that the 
extract preserved the structural integrity of the 
liver and architecture of liver cells. This shows 
the potent hepatoproctective activity of the 
Cyperus esculentus milk extract. 





Figure 6: Liver Histopathology micrograms of experimental rats (10X) 
Control: No treatment (A), Negative control: APAP 1g/kg (B), Standard drug: pre treated with 8.57mg/ kg Ascorbic acid (F), CE 
100: pre administered 100 mg/kg CE (C), CE 200: pre administered 200 mg/kg CE (D), and CE 400: pre administered 400 mg/kg 
CE (E) NOTE: Arrow in B shows hydropic degeneration of the hepatocytes, i.e. the hepatocytes imbibe water. In F, the arrow 
points to peripheral mononuclear cell. 
 
DISCUSSION 
Effect of 21 days pre-administration of C. 
esculentus milk extract (CE) on high dose 
acetaminophen-induced liver toxicity was 
investigated. high dose acetaminophen (1g/kg) 
was hepatotoxic to rats as revealed by increased 
serum activities of AST, ALT, ALP, and 
concentration of MDA. The liver plays a pivotal 
role in biochemical transformation of xenogenous 
substances hence its susceptiblity to toxicity 
(Seif, 2016). Related to our findings, 
acetaminophen has been reported to produce 
hepatic necrosis at high doses (Mitchell et al., 
1973; Arnaiz et al., 1995; Zaki, 2012).  
 
Cyperus esculentus milk significantly decreased 
the elevated activities of serum ALT, AST and 
ALP in the serum, while the reverse scenario was 
observed in the liver. The release of 
aminotransferases is an outcome of impairment 
in cell membrane permeability and elevated 
synthesis of aminotransferases in the liver (El-
Senosiy et al., 2015). The observed increase in 
activities of these enzymes in plasma of rats 
administered high dose acetaminophen is 
surmised to be a sign of hepatic injury. Some 
studies have reported similar effect of 
acetaminophen on serum liver enzyme activities 
(Cigremis et al., 2009; Ozer et al., 2008). Pre-
administration of CE may result in inactivation 
radical initiation pathways in the liver, which 
could possibly be attributed to some of the 
bioactive compounds present in the milk extract. 
AST is more found in mitochondria of 
hepatocytes and other tissues. ALT is more 
unique to liver and it is a better parameter for 
diagnosing liver impairments. Elevated serum 
ALP is also connected with liver cell impairment. 
The consequential elevation of serum AST, ALT 
and ALP activities as a result of acetaminophen 
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administration has been attributed to the 
disruption of structural integrity of the liver (Sallie 
et al., 1991). The observed decrease in liver 
enzymes activities in rats pre-administered CE 
can be attributed to abundance of bioactive 
phytochemicals in C. esculentus tuber extract. 
Similar effect has been reported in a related 
study by Onuoha et al., (2017). Phytochemical 
analysis of C. esculentus revealed its appreciable 
contents of flavonoids, alkaloids and saponins 
(Chukwuma et al., 2010). Some plant extracts 
were known to hold different levels of hepato-
protectiveness which depends mainly on the 
levels of bioactive compounds inherent in the 
plants (Sofowora, 1993).  
 
GSTs are implicated in many diseases by virtue 
of their association with reduced glutathione 
levels in the tissues (Hayes et al., 2005). The 
high intracellular expression of GSTs makes 
them known biomarkers for monitoring 
impairments to cells of the soft tissues. Example, 
hepatocytes carry high level of α-GST, and 
serum α-GST which are known to be indicators of 
hepatocyte injuries (Becket et al., 1985; Hughes 
et al., 1997; Loguercio et al., 1998). CE markedly 
prevented acetaminophen mediated decreased 
serum GST activity. If there has been free radical 
involvement in acetaminophen toxicity, lipids 
peroxidation occur, directed to formation of 
malondialdehyde (MDA). Hence, MDA, a reactive 
aldehyde that causes toxic stress in cells and 
form covalent protein adducts is an important 
index of oxidative status (Janero, 1990; Farmer 
and Davoine, 2007). In this study, CE at selected 
doses minimizes the concentrations of 
malondialdehydein the liver and serum 
preventing the increased level observed in rats 
that were administered high dose 
acetaminophen. Our finding corroborate with 
Hassanein et al., (2011) who reported that 
Cyperus esculentus extract have commendable 
hepatoprotective effect on carbon tetrachloride 
model of hepatotoxicity. The nuts have also been 
suggested to hold the natural antioxidants 
needful for protection against free radical 
damage (Oyedepo, 2014). CE protective activity 
indicates that hepatic tissue damage was 
avoided and plasma membrane was stabilized. 
This could be adduced to presence bioactive 
phytochemicals in Cyperusesculentus nut 
(Moore, 1988). Histological architecture 
supported the finding that CE prevented the liver 
from damage by acetaminophen by establishing 
functional state of protein. The extent of 
hepatoprotection exhibited by CE against high 
dose acetaminophen could be attributed to its 
capacity to reduce harmful effects produced by 




In conclusion, the results of this study show that 
Cyperus esculentus milk extract may prevent 
high dose acetaminophen related liver 
impairment by decreasing serum liver enzymes 
activities (ALT, AST and ALP), and reducing 
processes that may be involved in production of 
free radicals. Therefore, Cyperus esculentus milk 
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